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[57] ABSTRACT 

Sialic acid derivatives represented by the general formula 
(Dr 

CON-R2 

\ 

R‘O ‘ R5 0 x-R3 

OR‘ 

wherein 

R1 is a steroidal compound residue; 
R2 is H or alkyl; 
R3 is alkyl; 

R6 

(CH2): 

wherein each of R6 and R7 is H, alkyl or the like and I is an 
integer of 0 to 6; or the like; 

X is O or S; 
R‘ is H or acyl; and R5 is R1‘O—(R14 is H or acyl) or 
R‘5NH—(R‘5 is acyl or the like); 

their salts. hydrates or solvates are provided. 

Sialic acid derivatives of the present invention are expected 
to be elfective medicines for the prevention and therapy of 
senile dementia including Alzheimer's disease and the like. 
because they increase ChAT activity in cholinergic neurons. 

5 Claims, 2 Drawing Sheets 
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SIALIC ACID DERIVATIVES 

This application is a Continuation-In-Part of application 
Ser. No. 08/362947 ?led Dec. 23. 1994. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to novel sialic acid deriva 

tives having a amido bond. or salts thereof. which are useful 
for treating various diseases such as caused by disorder of 
cholinergic neurons. 

2. Description of the Prior Art 
Glutamic acid is one of the main excitatory neurotrans 

mitters in the central nervous system of vertebrata. However. 
it has been reported that this amino acid plays an important 
role in the neuronal death caused by various degenerative 
diseases in the central nervous system [Trends N eurosci.. 11. 
465-469 (1988); Trends Pharmacol. Sci. 11. 379-387 
(1990). etc]. Namely. its association with neuronal death in 
ischemic dysfunction such as cerebrovascular disorder and 
others. amyotrophic lateral sclerosis. Huntington‘s disease. 
Parkinson's disease. Alzheimer’s disease. cerebellar ataxia. 
trauma. and AIDS encephalopathy have been reported 
[Taisha 26(6). 55-63 (1989); The New England J. Medicine. 
330 (9). 613-622 (1994). etc]. In addition. the relation of 
in?ammatory encephalopathy with glutamic acid induced 
neuronal dysfunction has been reported [Exp Neurol.. 125 
(1). 119-124 (1994); Ann. Neurol.. 35. 17-21 (1994); Pedi 
atr. Res.. 33 (5). 510-513 (1993). etc.]. Therefore. preven 
tion of neuronal death due to glutamic acid is believed to 
provide a means for developing effective prophylactic and 
therapeutic drugs for these diseases. However. drugs exhib 
iting su?icient e?icacy have not been discovered yet. 

In the treatment of neuronal dysfunction. that is. diseases 
of the central and the peripheral nervous systems. studies on 
drugs for diseases in the central nervous system and their 
clinical application have been carried out extensively. 
whereas studies on drugs for diseases in the peripheral 
nervous system. particularly for peripheral neuropathy. have 
been modestly conducted. Lowered velocity of the nerve 
conduction in peripheral neuropathy has been reported 
[Disorders of Voluntary Muscle. Churchil/Livingstone. 
973-1002 (1974); J Neurol. Neurosur. Psych.. 58. 274-283 
(1995). etc.]. and protection of this lowering of the nerve 
conduction velocity appears to be an effective treatment of 
peripheral neuropathy. To date. natural glyoolipids. ganglio 
side (Trade name: Cronassiai. Japanese Patent Publication 
(kokai) No. 52-34912). vitamins. mecobalamin (general 
name of a medicine) and inhibitors of aldose reductase 
(Japanese Patent Publication (kokai) No. 60-15638?) have 
been used clinically. but their e?icacy appears insu?icient 
and further development of better drugs are expected. 

Senile dementia including Alzheimer’s disease is a dis 
ease which shows progressive amnesia and agnosia. In these 
diseases the salient disorder is found in cholinergic nervous 
system which projects from basal forebrain to cerebral 
cortex and hippocampus. Because these neurons show 
remarkable reduction of acetylcholine-synthesizing enzyme. 
choline acetyltransferase (referred to as “ChAT” 
hereinafter). drugs which activate ChAT activity are consid 
ered to be useful as therapeutic drugs for senile dementia 
including Alzheimer‘s disease. Errther. it is expected that 
drugs having such activity are also useful as therapeutic 
drugs for peripheral neuropathy. 
On the other hand. gangliosides i.e. glycosphingolipids 

including sialic acid are a component of biomembranes and 
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2 
contained in brains of higher animals in quantity. Because 
gangliosides. which have been recently reported on their 
various functions. are found preferentially in membranes of 
neurons. their role in neurons has been studied extensively. 
Sialic acid is an important component of gangliosides. and 
various sialic acid derivatives have been synthesized for the 
purpose of investigating the correlation between the sialic 
acid and ganglioside’s function and its applications in medi 
cal ?eld (Japanese patent publication (Kokai) Nos. 89298/ 
1980. 243096/1986. 282390/1986. 41492/1988. 41494/ 
1988. 63697! 1988. 68526/1988. 52794/ 1989. 190693/ 1989 
and 151398/ 1991; and PCI‘ patent publication Nos. WO93/ 
10134 and WO94/03469. etc.). Some reports have been 
made on the activity of the sialic acid derivatives (Japanese 
patent publication (Kokai) Nos. 26522911987. 9352911989. 
7789811991 and 81287/ 1991; and Brain Research. 438. 
277-285 (1988)). However. derivatives which su?iciently 
increase ChAT activity have not been developed yet. 

SUMMARY OF THE INVENTION 

The inventors of the present invention have made exten 
sive studies in order to provide a therapeutic drug for 
diseases of central nervous system such as senile dementia 
including Alzheimer’s disease. and ischemic disorder. and 
peripheral nervous system. Consequently. they have discov 
ered and found that sialic acid derivatives with a speci?c 
amido bond are useful as therapeutic drugs which alleviate 
diseases of central nervous system such as senile dementia 
including Alzheimer’s disease and diseases of peripheral 
nervous system such as diabetic neuropathy. etc. The present 
invention is based on such ?ndings. 

Thus. the gist of the present invention exists in a sialic 
acid derivative represented by the general formula (1) 

R40 0114 1 (1) 

CON-R2 

‘\ 
R40 Rs 0 X-R3 

0R4 

wherein 
R1 represents a steroidal compound residue: 
R2 represents hydrogen or C1-C4 alkyl: 
R3 represents C1-C15 alkyl; 

R6 

(CH2): 

R7 

wherein each of R6 and R7 independently represents 
hydrogen. halogen. C1-C4 alkyl. hydroxyl. RsO— wherein 
R5’ represents C1-C4 alkyl. phenyl or phenyl-(C,-C3) alkyl. 
nitro. amino. C1-C4 alkylamino. C2-C8 dialkylamino. or 

0 
ll 

1190c - 

wherein Rg represents hydrogen. Cl-C4 alkyl. phenyl or 
phenyl-(C 1-C3) alkyl. and I represents an integer of 0 to 6; 
RI°O (CH2),,,— wherein R10 represents hydrogen. C1-C4 
alkyl. phenyl which may have one or more substitutents 
selected from a group consisting of C1-C4 alkyl. halogen. 
hydroxyl. nitro. amino and carboxyl. or phenyl-(C1413) 
alkyl which may have one or more substitutents selected 
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from a group consisting of C1-C4 alkyl. halogen. hydroxyl. 
nitro. amino and carboxyl. and m represents an integer of 2 
to 6; or 

wherein Ru represents hydrogen or Cr-C4 alkyl. R12 rep 
resents hydrogen. C1-C4 alkyl. C2—C7 acyl. C1-C4 
alkylsulfonyl. phenylsulfonyl which may have one or more 
substituents selected from a group consisting of C1-C4 
alkyl. halogen. hydroxyl. nitro. amino and carboxyl. or 

0 
ll 

alloc 

wherein R13 represents C1-C4 alkyl. phenyl or phenyl 
(C,—C3) alkyl. and n is an integer of 2 to 6: 
R‘ represents hydrogen or C24), acyl: 
R5 represents R‘4O—- wherein R14 represents hydrogen or 
C2-C7 acyl; or R15NH-- wherein R15 represents 
C2-C7 acyl. 

wherein R“5 represents hydrogen. C1-C6 alkyl. phenyl or 
phenyl-(C1-C3) alkyl and p is an integer of 0 to 4. CT-Cu 
aroyl which may have one or more substituents selected 
from a group consisting of C1-C4 alkyl. halogen. hydroxyl. 
nitro. amino and carboxyl. phenyl~(C1—C3) alkylcarbonyl 
which may have one or more substituents selected from a 
group consisting of C l-C4 alkyl. halogen. hydroxyl. nilro. 
amino and carboxyl. C1-C4 alkylsulfonyl. or phenylsulfonyl 
which may have one or more substituents selected from a 
group consisting of C1-C4 alkyl. halogen. hydroxyl. nitro. 
amino and carboxyl: and 
X represents 0 or S: 

salts. hydrates or solvates thereof. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is explained in detail hereinafter. 
The sialic acid derivatives of the present invention are 
represented by the general formula (I). 
The C1-C4 alkyl de?ned in said general formula (I) 

includes methyl. ethyl. n-propyl. i-propyl. n-butyl. t-butyl 
and the like. and the C1-C1, alkyl includes methyl. ethyl. 
n-propyl. i-propyl, n-butyl. t-butyl. n-pentyl. n-hexyl. 
n-heptyl. n-octyl. n-decyl. n-pentadecyl and the like. The 
C1—C6 alkyl includes the CFC6 groups de?ned in said 
C,—C 15 alkyl. The halogen includes ?uorine. chlorine. bro 
mine and the like. and the phenyl (C1-C3) alkyl includes 
benzyl. phenethyl and the like. The C2-C7 acyl includes 
acetyl. propionyl. butyryl. valeryl. benzoyl and the like. and 
the C1-C4 alkylsulfonyl includes methylsulfonyl. 
ethylsulfonyl. n-propylsulfonyl. n-butylsulfonyl and the 
like. Further. C1-C4 alkylarnino includes methylarnino. 
ethylamino. butylamino and the like. and C2-C8 dialky 
lamino includes dimethylamino. diethylamino. dibuty 
lamino and the like. The CFC11 aroyl includes benzoyl. 
toluoyl. naphthoyl and the like. and the phenyl (C1-C3) 
alkylcarbonyl includes benzylcarbonyl. 
phenylethylcarbonyl. phenylpropylcarbonyl and the like. 

4 
Other groups not speci?cally mentioned in the above 

de?nitions may be employed in the present invention. which 
can be derived from the combination of two or more of the 
above listed groups. 

5 The steroid compound residues de?ned by R1 speci?cally 
include groups represented by the following formula. 

15 

In the above formula. the dotted line represents a single 
bond or no bond. and the con?guration at 3-position of the 
steroid skeleton may be ot-type or B-type. 

Preferred Rl includes the group represented by the fol 
lowing formula. 

H3C 

25 HSC CH3 

CH3 

H3C 

30 

R2 is preferably hydrogen or methyl. and most preferably 
35 hydrogen. 

R3 is preferably Cl-C8 alkyl; 

R6 

(CH2): 
40 R 

wherein each of R6 and R7 independently represents 
hydrogen. halogen or 

45 0 

ll 

wherein R9 represents hydrogen or C 1-C.1 alkyl and I is an 
integer of 0 to 3; R1°O(CH2)m— wherein R10 represents 
hydrogen. C1-C4 alkyl. phenyl or phenyl-(C1—C3) alkyl. and 
m is an integer of 2 to 4; or 

50 

R11 

R12 

wherein R11 represents hydrogen. R12 represents hydrogen. 
Cz-(l7 acyl. CFC‘, alkylsulfonyl or 

wherein R13 represents phenyl-(C 1—C3) alkyl. and n is an 
integer of 2 to 4; and 
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R3 is more preferably C 1-Ca alkyl or 

wherein I is an integer of 0 to 3. and most preferably C1-C3 
alkyl. 
R4 is preferably hydrogen or acetyl. and most preferably 

hydrogen. 
R5 is preferably C‘4O— wherein R‘4 represents hydrogen 

or acetyl; or R‘5NH—- wherein R15 represents CZ-C7 
acyl. 

0 

wherein R16 represents hydrogen. C1-C4 alkyl or phenyl 
(C1—C3) alkyl and p is an integer of 0 to 4. C-,—C11 aloyl. 
Cl-C3 alkylsulfonyl or phenylsulfonyl; and R5 is more 
preferably R‘4O— wherein R14 represents hydrogen. or 
R15NH— wherein R15 represents C2-C5 acyl or 

wherein R16 represents hydrogen and p is an integer of 1. 
and most preferably R15NH— wherein Rls represents 
acetyl. 
X is most preferably oxygen. 
Further. most preferable compounds include 3ot-{N-(3 

deoxy-Z-O-methyl-ot- D-glycero-D- galacto-2 
nonulopyranosonyl) amino] cholestene (the ot-isomer of 
compound No. 367 in Table 5); 

25 

30 

35 

6 
3oz-[N-(3-deoxy-2-O-methyl-ot-D-glycero-D-galacto-Z 

nonulopyranosonyl) amino]-5-cholestane (the 
ot-isomer of compound No. 507 in Table 7); 

30t-[N-(5-acetamjdo-3.5-dideoxy-2-O-methyl-ot-D 
glycero-D-galacto-Z-nonulopyranosonyl) amino] 
cholestane (the ot-isomer of compound No. 4 in Table 
1); 

3ot-[N-{ 5-acetamido-3.5-dideoxy-2-O-phenyl-oc-D 
glycero-D-galacto-Z-nonulopyranosonyl} amino] 
cholestane (the ct-isomer of compound No. 19 in Table 
1); 

3ot-[N-(S-acetamido-3.5-dideoxy-2-0-benzyl-oL-D 
glycero-D-galacto-2-nonulopyranosonyl) amino] 
cholestane (the ot-isomer of compound No. 21 in Table 
1) 

30t-[N-(5-acetamido-3.5-dideoxy-2-O-methyl-ot-D 
glycero-D-galacto-2-nonulopyranosonyl) amino]-5 
cholestene (the ot-isomer of compound No. 234 in 
Table l); 

30t-[N-(5-acetam.ido-3.5-dideoxy-2-S-pheny1-2-thio-ot 
glycero-D-galacto-2-nonulopyranosonyl) amino] 
cholestane (the ot-isomer of compound No. 260 in 
Table 2); 

30L-[N-(5-acetamido-3.5-dideoxy-2-O-methyl-B-D 
glycero-D-galacto-2-nonulopyranosonyl) amino] 
cholestane (the oc-isomer of compound No. 268 in 
Table 3); and 

3ot-[N-(5-acetamido-3.S-dideoxy-Z-O-benZyI-B-D 
glycero-D-galacto-Z-nonulopyranosonyl) amino] 
cholestane (the ot-isomer of compound No. 281 in 
Table 3). 

Speci?c examples of preferable compounds represented 
by the general formula (I) mentioned above are shown in the 
following Tables 1. 2. 3. 4. 5. 6. 7 and 8. 

TABLE 1 

RIO 0R4 R l 

C ON — R2 

O O 0 —R3 

CH3C ONE OR‘ 

Oom 
pound 
No. R‘ R1 R3 R‘ 

1 H — CH3 — COCH; 

2 ' l-l — CH, — COCH2CH3 

3 " H - CH3 

—CO 

4 H -CH3 H 
5 ‘ — CH3 — CH3 — COCH; 
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TABLE l-continued 

CON-R2 

CHgCONH 

Com 

pound 
No. 

25 

26 

27 

28 

29 

30 

31 

32 

33 
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TABLE l-continued 

R1 

CON-R2 

0 

OR4 CHgCON'H 

.an H 

a 

a m 

m C 

3 

R _ 

a.wn H 
w" n m: a 

36 

Cl 

37 

Cl 

Cl 

39 

41 

42 

43 

(CHzhCm 
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TABLE l-continucd 

CH3CONH 

Com 
pound 
No. R2 

a m 

nHw. C 

Q 

H H3 m 

m s C C s a s 

H H H H C C C C 

a H2 

m H n_C 

C C 

H H H H H 5 6 7 8 9 4 4 4 4 4 

CH3 (‘(3112): 

51 

CH: 

52 

CH] 

53 

OH 
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TABLE l-continued 

R‘O 0R4 

17 

Com 
pound 
No. R2 

OH 

OCH; 

OCH; 

OCH; 

H 

OCH; 

OCHg 

CHgO 

70 

OCHa 72 
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TABLE l-continued 

R1 

CON-R2 

0 

OR4 CH3CONH 

R4 

H OCH3 

R3 

Com 
pound 
No R‘ 

73 .. 

OCH; 

74 

-CH; 

75 

76 

(X313 

78 

79 

81 

82 
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TABLE l-continued 

R1 
3 

CON-R2 

R40 0114 

0-R3 0 
CHgCONH 

Com 
pound 

R4 R2 Rl No. 

102 

CHzCH; W 

103 

H H 

m 

m m 

m H 

( m 

N N @@ 
u 

u 

104 

105 

NHCH3 106 

107 

NHCH; 

NHCH; NHCH; 108 

109 

110 

NHCH3 
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TABLE l-continucd 

R1 

CON-R2 

0-R3 0 
CHgCONH 

0 AM 
122 

COOCH; 

COO(CH2); @@ 
123 

124 

COOH 

COOH 

125 

126 

COOH 

COOH COOH 127 

COOH 12B 

COOH 

129 

COOH 

- cocu3 130 

coocna — CH; 

131 

COOCH3 










































































































































